Inflammatory breast cancer (IBC) is a rare and highly invasive type of breast cancer, and patients diagnosed with IBC often face a very poor prognosis. IBC is characterized by the lack of primary tumor formation and the rapid accumulation of cancerous epithelial cells in the dermal lymphatic vessels. Given that normal epithelial cells require attachment to the extracellular matrix (ECM) for survival, a comprehensive examination of the molecular mechanisms underlying IBC cell survival in the lymphatic vessels is of paramount importance to our understanding of IBC pathogenesis. Here we demonstrate that, in contrast to normal mammary epithelial cells, IBC cells evade ECM-detachment-induced apoptosis (anoikis). ErbB2 and EGFR knockdown in KPL-4 and SUM149 cells, respectively, causes decreased colony growth in soft agar and increased caspase activation following ECM detachment. ERK/MAPK signaling was found to operate downstream of ErbB2 and EGFR to protect cells from anoikis by facilitating the formation of a protein complex containing Bim-EL, LC8, and Beclin-1. This complex forms as a result of Bim-EL phosphorylation on serine 59, and thus Bim-EL cannot localize to the mitochondria and cause anoikis. These results reveal a novel mechanism that could be targeted with innovative therapeutics to induce anoikis in IBC cells. Cell Death and Differentiation (2015) 22, 1275-1286 doi:10.1038/cdd.2014 published online 19 December 2014 Inflammatory breast cancer (IBC) is a rare and highly invasive type of breast cancer, and patients diagnosed with IBC often face a very poor prognosis. The 5-year survival rate for patients with IBC is o40%, while the 5-year survival rate of all other breast cancers combined is approximately 90%.
Inflammatory breast cancer (IBC) is a rare and highly invasive type of breast cancer, and patients diagnosed with IBC often face a very poor prognosis. The 5-year survival rate for patients with IBC is o40%, while the 5-year survival rate of all other breast cancers combined is approximately 90%. [1] [2] [3] [4] This poor prognosis can be attributed to a number of factors, including the propensity for misdiagnosis of the disease due to its unique clinical presentation. [5] [6] [7] In contrast to most breast cancers, IBC is characterized by the lack of discernible primary tumor formation and the accumulation of cancerous epithelial cells in the dermal lymphatic vessels. 8 This lodging of IBC cells in the dermal lymphatics manifests as what appears to be inflammation, oftentimes causing clinicians to incorrectly diagnose the malady. Given that IBC cells are inherently aggressive, misdiagnosis is particularly problematic as a correct diagnosis or appropriate treatment is prolonged until more advanced disease is discovered. Thus it is imperative to gain a better understanding of the unique molecular mechanisms underlying IBC pathogenesis so that improved therapies can be designed to specifically eliminate IBC cells in a manner that improves patient outcome.
Unfortunately, few treatment options exist that are specifically designed to combat IBC. A review of nearly 400 IBC patients treated at The University of Texas MD Anderson Cancer Center between 1974 and 2005 demonstrated that there has been no significant improvement in prognosis for patients with IBC over the past 30 years. 1 Many recent studies have focused on assessing the efficacy of chemotherapeutic regimens in IBC cells/patients where success had previously been observed only in the treatment of non-IBCs. 9 ,10 Some progress has been made in understanding the mechanisms underlying the invasive nature of IBC. For instance, Akt1 has been identified as a possible chemotherapeutic target that appears to be involved in the aggressive behavior of IBC cells. 11 Other studies have identified RhoC, which is overexpressed in 90% of IBC tissue samples, as a potent oncogene contributing to IBC pathogenesis. [11] [12] [13] [14] [15] More recently, evidence implicating the membrane protein TIG1 and the receptor tyrosine kinase Axl in the oncogenic behavior of IBC cells has been uncovered. 16 However, despite these advances, knowledge of the biological mechanisms underlying IBC pathogenesis remains fairly rudimentary, and additional research dedicated to understanding the unique molecular pathways involved in IBC progression remains essential.
Given that IBC cells do not form a palpable primary tumor and instead flourish in suspension in the lymph of the dermal lymphatic vessels, we hypothesized that IBC cells must have an inherent ability to survive in the absence of attachment to the extracellular matrix (ECM). Normal mammary epithelial cells require attachment to the ECM to inhibit anoikis, which is defined as caspase-dependent cell death caused by ECM detachment. 17 It has become clear that tumor progression and metastasis require cancer cells to inhibit anoikis, oftentimes through alterations in intracellular signaling pathways.
EGFR and ErbB2 through ERK/MAPK has a major role in the ability of IBC cells to survive in the absence of ECM attachment. Surprisingly, we have discovered that ERKmediated anoikis suppression in IBC cells is not due to targeting of the pro-apoptotic protein Bim-EL for degradation that has previously been observed in mammary epithelial cells. 23, 27 Rather, ERK activation in IBC cells promotes the formation of a protein complex containing Bim-EL, Beclin-1, and LC8, which functions to sequester Bim-EL from the mitochondria and thereby block anoikis. In support of the importance of this signaling pathway in IBC patients, five of the seven IBC patient samples assayed showed discernible Bim-EL staining. Collectively, these data identify a novel mechanism utilized by IBC cells to survive during ECM detachment and reveal a potential target for the development of anoikisinducing chemotherapeutics targeting IBC cells.
Results
ErbB2/EGFR-mediated survival of IBC cells in the absence of ECM attachment. In order to determine whether IBC cells are able to block the induction of caspase activation when detached from the ECM, we obtained two IBC cell lines (SUM149 and KPL-4) and assayed caspase activation after plating the cells on non-adherent plates. As we hypothesized, both cell lines were significantly resistant to the induction of caspase activation when compared with the anoikis compliant non-transformed MCF-10A cell line (Figure 1a) . To confirm that these differences in caspase activation ultimately translated to changes in cellular viability, we utilized Cell Titer Glo and alamarBlue assays to assess the viability of ECMdetached IBC cells over time. Indeed, the viability of ECMdetached KPL-4 or SUM149 cells was largely maintained, even under extended periods of ECM detachment (Figures  1b and c) . To further corroborate the ability of IBC cells to survive during ECM detachment, we evaluated whether IBC cells could promote anchorage-independent growth in soft agar. In contrast to non-transformed MCF-10A cells, both SUM149 and KPL-4 cells were able to robustly grow in an anchorage-independent manner (Figure 1d ).
Given that IBC cells have been previously shown to have hyperactive ErbB2 or EGFR signaling, 29 we hypothesized that oncogenic signaling from these receptors may be involved in the resistance to anoikis in IBC cell lines. KPL-4 cells are well known to overexpress the ErbB2 oncogene. 30, 31 To determine more susceptible to anoikis induction ( Figure 2a ). In addition, KPL-4 shErbB2 cells were substantially compromised in their ability to maintain anchorage-independent growth when compared with KPL-4 EV cells (Figure 2b ). These data suggest that ErbB2 is necessary for the ability of KPL-4 cells to block the anoikis program. In contrast to KPL-4 cells, SUM149 cells contain no discernible ErbB2 expression but do express high levels of EGFR. 31 As we did with ErbB2 in KPL-4 cells, we utilized lentivirus to deliver shRNAs targeting EGFR to SUM149 cells and were able to achieve appreciable reduction in EGFR protein levels (Figure 2c ). Much like we observed with ErbB2 knockdown in KPL-4 cells, the reduction of EGFR expression by shRNA in SUM149 cells led to a significant increase in anoikis induction (Figure 2c ) and a considerable loss of anchorage-independent growth in soft agar (Figure 2d ). These data suggest that EGFR is necessary for anoikis inhibition in SUM149 cells and, coupled with our data in KPL-4 cells, our results intimate that IBC cells can utilize signaling from multiple receptor tyrosine kinases to eliminate the induction of anoikis and facilitate anchorage-independent growth.
ERK/MAPK signaling is necessary for anoikis protection in IBC cells. Given the respective requirement for ErbB2 or EGFR signaling in KPL-4 and SUM149 cells, we sought to determine whether there is common downstream signaling in these two cell lines that impacts the induction of anoikis. Previous studies have revealed a role for the ERK/MAPK pathway in the evasion of anoikis. 21, 24, 27, 32 In order to assess the activation of ERK signaling in IBC cells, we examined phospho-ERK levels in KPL-4 cells deficient in ErbB2 or SUM149 cells deficient in EGFR. In each case, we discovered that the deficiency in receptor tyrosine kinase expression (i.e., ErbB2 in KPL-4 and EGFR in SUM149) resulted in a concomitant loss of phospho-ERK (Figure 3a ). These data raise the possibility that ERK signaling is required for anoikis evasion in IBC cells downstream of aberrant receptor tyrosine kinase signaling. In order to address this possibility, we treated IBC cells with U0126, a MEK inhibitor, and found that ERK signaling was necessary for anoikis inhibition in both KPL-4 and SUM149 cells (Figures 3b and c) . Cell viability assays confirmed the increase in caspase activation corresponded to decreased viability (Figures 3d and e). Interestingly, the ability of MEK inhibition to induce apoptosis is specific to ECM-detached cells as minimal caspase activation is observed when MEK is inhibited in ECM-attached cells (Figures 3f and g ). These data stand in stark contrast to other survival pathways, as PI(3)K inhibition can equivalently induce caspase activation in both ECMattached and ECM-detached IBC cells (Figures 3f and g ).
Due to the fact that ERK-mediated protection from anoikis in other cell lines has previously been shown to involve targeting of the pro-apoptotic protein Bim-EL for degradation, 23 we investigated the protein levels of Bim-EL in IBC cells that have been treated with increasing doses of U0126. Much to our surprise, we found that, contrary to published reports in other cell types, inhibition of the ERK pathway did not result in dramatically increased levels of Bim-EL. Rather, in both IBC cell lines, Bim-EL levels were maintained at high levels despite effective inhibition of ERK signaling by U0126 treatment (Figure 4a ). To ascertain whether this mechanism was specific to IBC cells, we conducted similar experiments with other breast cancer cell lines (non-IBC) and found that in these cell lines (SK-BR-3, BT549, and MDA-MB-231 cells), Bim-EL levels increased dramatically upon effective inhibition of ERK by U0126 (Figure 4b ). To expand on these findings, we extended these studies into MDA-MB-453 (453) and MDA-MB-361 (361) cells, which have previously been published to have high basal levels of Bim-EL protein. 33 However, the basal Bim-EL levels observed in the IBC cell lines are considerably elevated when compared with basal levels of Bim-EL in the 453 and 361 cells (Figure 4c ). Additionally, in contrast to the IBC cell lines, ERK inhibition was sufficient to promote a significant increase in Bim-EL protein in the 453 and 361 cell lines ( Figure 4c ). As these data suggest that IBC cells have high basal levels of Bim-EL, we investigated whether specimens from IBC patients also had high basal Bim-EL levels. Indeed, our studies revealed that five of the seven IBC patient samples showed discernable Bim-EL staining ( Figure 4d ).
Given the high basal levels of Bim-EL in IBC cells, we thought that perhaps IBC cells could evade anoikis and counter high Bim-EL expression by expressing high levels of other anti-apoptotic proteins. Although we did see a minimal loss of Mcl-1 and Bcl-2 at high doses of U0126 in SUM149 cells, these proteins actually seemed to slightly increase at high doses of U0126 in KPL-4 cells (Figure 4e ). No appreciable changes were observed in Bcl-xL in either cell line upon U0126 treatment. Furthermore, expression or activation of pro-apoptotic Bcl-2 family members, including Bax, Bak, Bmf, phospho-Bad (S75), total Bad, and Bid, are not consistently altered in both cell lines following treatment with MEK inhibitors (Figure 4f ). Thus our data suggest that there are no alterations in the protein levels of these Bcl-2 family members that would explain the ERK-mediated inhibition of anoikis seen in both IBC cell lines. In addition, these data suggest that IBC cells utilize ERK signaling to evade anoikis through a mechanism that is distinct from other breast cancer cells.
ERK signaling regulates Bim-EL localization to prevent anoikis. The inherently high levels of Bim-EL (that were not modulated by ERK signaling) observed in IBC cells led us to question how IBC cells could tolerate these levels of Bim-EL without undergoing anoikis. Upon re-examining our data demonstrating stable Bim-EL levels in IBC cells, we noticed a slight shift in the molecular weight of Bim-EL upon U0126 treatment (Figure 4a ). This shift is consistent with the loss of a phosphorylation event on Bim-EL, and Bim-EL has previously been shown to be a target of ERK phosphorylation. [34] [35] [36] Therefore we assayed the phosphorylation of Bim-EL in IBC cells using a phospho-specific antibody. When ERK was inhibited by U0126 or PD0325901 treatment in KPL-4 or SUM149 cells, we observed a significant and dosedependent loss of Bim-EL phosphorylation at serine 59 (S59) (Figure 5a ).
The role of ERK-mediated phosphorylation of Bim-EL at S59 is not well understood. Interestingly, previous studies have revealed that the S59 site on Bim-EL is in close proximity to a region on Bim-EL that has previously been shown to be critical for its interaction with LC8. 37 This interaction of Bim-EL and LC8 has been more recently shown to also involve binding to Beclin-1, a critical mediator of autophagy. 38 The formation of this Bim-EL-LC8-Beclin-1 complex has been proposed to block the pro-apoptotic activity of Bim-EL by sequestering it away from the mitochondria. Given these data, we hypothesized that ERK-mediated phosphorylation of Bim-EL at S59 in IBC cells could block anoikis by promoting the formation of the Bim-EL-LC8-Beclin-1 complex. Indeed, utilizing immunoprecipitation of endogenous proteins, we discovered that Bim-EL, LC8, and Beclin-1 did co-precipitate in both KPL-4 and SUM149 cells (Figure 5b ). When ERK was inhibited using U0126, these proteins failed to co-precipitate suggesting that ERK signaling is necessary for the formation of the Bim-EL-LC8-Beclin-1 complex in IBC cells (Figure 5b) . Furthermore, MEK inhibition resulted in enhanced binding of Bim-EL to Mcl-1 (Figure 5c ), suggesting that when Bim-EL is released from this complex it can properly antagonize antiapoptotic Bcl-2 family members. Interestingly, LC8 coprecipitates with Bim-EL in the presence and absence of U0126, suggesting that LC8 remains bound to Bim-EL following its dissociation from Beclin-1 ( Figure 5c ).
As mentioned above, the interaction of Bim-EL with LC8 and Beclin-1 has been proposed to abrogate apoptosis by sequestering Bim-EL from the mitochondria. We assessed Figure 5 ERK/MAPK signaling leads to the sequestration of Bim-EL from the mitochondria to prevent anoikis. (a) Cells were plated on poly-HEMA-coated plates with DMSO or the indicated dose of U0126 or PD0325901 for 6 h. Lysates were prepared and normalized, and protein levels were analyzed via western blotting. (b) Cells were plated in detachment and treated with DMSO or U0126 (10 μM) for 3 h. Cell lysates were prepared, and immunoprecipitation was performed with a Beclin-1 antibody. Western blotting analysis was utilized to identify interacting proteins and confirm equivalent protein content across samples. (c) Cells were plated in detachment and treated with DMSO or U0126 (10 μM) for 3 h. Cell lysates were prepared and normalized, and immunoprecipitation was performed with a Bim antibody. Interacting proteins were identified via immunoblotting, and equivalent protein content across samples was confirmed. (d and e) Cells were plated on poly-HEMA-coated plates and treated with either DMSO or U0126 (10 μM) and 20 μM z-VAD-fmk for 24 h. Cells were fixed and stained with Mito-Tracker Red (200 nM), DAPI (5 μg/ml), and Bim-EL and imaged using an Applied Precision DeltaVision OMX fluorescent microscope. Co-localization was measured using the Applied Precision softWoRx software. Error bars represent S.E.M. the ability of Bim-EL to localize to the mitochondria in IBC cells in the presence or absence of ERK signaling. To investigate this, we examined the subcellular localization of Bim-EL relative to the mitochondria via immunofluorescence. Upon staining ECM-detached IBC cells with anti-Bim-EL and MitoTracker, we discovered that Bim-EL localization at the mitochondria was significantly enhanced when ERK was inhibited (representative pictures in Figure 5d ). To quantitate this effect, we determined the Pearson's correlation coefficient for the co-localization of Bim-EL and mitochondria and found a statistically significant change in the ability of Bim-EL to localize to the mitochondria upon U0126 treatment (Figure 5e ). In aggregate, these data suggest that ERKmediated phosphorylation of Bim-EL promotes the interaction of Bim-EL with LC8 and Beclin-1 and the subsequent sequestration of Bim-EL away from Mcl-1 and the mitochondria.
Phosphorylation of Bim-EL at S59 is responsible for anoikis evasion in IBC cells. Our results above support a model in which ERK-mediated phosphorylation of Bim-EL at S59 is responsible for its interaction with LC8 and Beclin-1 and its ultimate sequestration from the mitochondria. To more directly assess the contribution of serine 59 phosphorylation, we utilized an HA-tagged Bim-EL S59A construct and expressed this construct or HA-tagged wild-type Bim-EL in IBC cells. Upon immunoprecipitation using the HA tag, we found that the interaction of Bim-EL with Beclin-1 and LC8 was markedly compromised in the presence of the Bim S59A mutation in both KPL-4 ( Figure 6a ) and SUM149 (Figure 6b ) cells. These data suggest that ERK-mediated phosphorylation of Bim-EL at S59 is required for the formation of the Bim-EL-LC8-Beclin-1 complex in IBC cells. In addition, these data suggest that the expression of HA-Bim S59A in IBC cells may function in a dominant-negative manner to promote anoikis by failing to interact with LC8 and Beclin-1 and thus localizing to the mitochondria. Indeed, this is the case, as we see a sizeable increase in the ability of HAtagged Bim-EL S59A to induce anoikis when compared with HA-tagged wild-type Bim-EL in KPL-4 ( Figure 6c ) and SUM149 (Figure 6d ) cells. Furthermore, the expression of HA-tagged Bim-EL S59A led to a significant reduction in viability compared with HA-tagged wild-type Bim-EL in both KPL-4 ( Figure 6e ) and SUM149 (Figure 6f ) cells. In order to confirm that Bim-EL is necessary for anoikis upon MEK inhibition, we engineered KPL-4 and SUM149 cells to be deficient in Bim-EL expression (shBim). When these cells were treated with a MEK inhibitor, the induction of anoikis was completely abrogated (Figures 6g and h) , suggesting that the modulation of Bim-EL by ERK is necessary for anoikis induction in IBC cells.
Discussion
The prognosis for patients diagnosed with IBC remains poor due to the unusual presentation of the disease and the inherently aggressive nature of the cancer cells. A better understanding of the molecular mechanisms and signal transduction cascades that are utilized by IBC cells to enhance their oncogenic capabilities has the potential to unveil novel targets for the development of IBC-specific therapies. Here we uncover a molecular mechanism utilized by IBC cells to inhibit the induction of anoikis (see model in Figure 7 ). Anti-apoptotic signaling in IBC cells has been studied in the past, most prominently in the context of chemotherapeutic resistance. 39, 40 A more recent example is the receptor tyrosine kinase Axl, which has recently been shown to have a significant role in the malignant behavior of IBC cells 16 and has been previously revealed to block the induction of apoptosis through Akt and Bcl-xL. 41 However, our study is the first (to our knowledge) to directly address the molecular mechanisms that allow IBC cell survival in the context of ECM detachment. In addition, our findings suggest that targeting Bim-EL in a manner that promotes mitochondrial localization may be effective in the elimination of ECMdetached IBC cells.
Targeting cancer cells for elimination through the modulation of Bcl-2 family members (like Bim-EL) has been heavily investigated for a number of years. 42 However, the high basal levels of Bim-EL that we detect in IBC cells suggest an inherent vulnerability that could be exploited chemotherapeutically. Recent studies suggest that this approach may be broadly effective in both IBC and non-IBC cells that have high basal levels of Bim-EL, as the effectiveness of targeting cancer cells with kinase inhibitors has been shown to strongly correlate with Bim-EL expression. 33 Our data provide a mechanistic rationale for these results and suggest that targeting ErbB2 or EGFR in IBC cells could be particularly effective given that the elevated Bim-EL expression could be rapidly targeted to the mitochondria upon kinase inhibition. Furthermore, recent studies have demonstrated that triplenegative breast cancer cells can be efficiently targeted by sequential treatment of an inhibitor of oncogenic signaling pathways followed by standard chemotherapy that causes DNA damage. 43 In fact, Bim-EL is mentioned in this report as a protein that is differentially expressed using this sequential treatment pattern. Our data suggest that a similar strategy to target IBC cells (or other cancer cell lines with elevated basal Bim-EL) could be effective.
In addition, our data strongly implicate a role for ERKmediated phosphorylation of S59 in the sequestration of Bim-EL from the mitochondria in IBC cells. These results raise some interesting questions about the regulation of Bim-EL in IBC cells. Why are basal levels of Bim-EL so high in IBC cells? Figure 6 Bim is necessary and sufficient for anoikis in IBC cells (a and b) KPL-4 (a) and SUM149 (b) cells were transfected with pcDNA EV, HA-WT Bim, or HA-Bim S59A constructs using Lipofectamine LTX. Lysates were prepared and normalized. Coimmunoprecipitation experiments were conducted with an HA antibody. Immunoblotting was used to identify interacting proteins. (c and d) KPL-4 (c) and SUM149 (d) cells were transfected with pcDNA EV, HA-WT Bim, or HA-Bim S59A constructs using Lipofectamine LTX. Cells were plated in suspension and caspase activity was measured as described above. (e and f) KPL-4 (e) and SUM149 (f) cells were transfected as previously described. Cells were plated in suspension, and cellular viability was measured using Cell Titer Glo. (g and h) KPL-4 (g) and SUM149 (h) cells were transduced with shRNA-containing lentivirus to create stable Bim knockdowns (shBim). EV and shBim cells were plated in ECM detachment and treated with DMSO or PD0325901 (1 μM). Caspase activation was measured at 48 h, and western blotting analysis confirmed the Bim knockdown and inhibitor efficacy. NS, not signifcant Typically, Bim-EL is rapidly targeted to the proteasome in the presence of ERK signaling. 44 Perhaps the phosphorylation on S59 and subsequent recruitment to LC8/Beclin-1 could impede the ability of E3 ligases to target Bim-EL for degradation. In addition, why does ERK signaling in IBC cells lead to phosphorylation at S59 as opposed to other phosphorylation sites? Previous studies have revealed that ERK-mediated phosphorylation of Bim-EL at S69 leads to proteasomal degradation. 44 Interestingly, we do see evidence of S69 phosphorylation in IBC cell lines (data not shown), yet Bim-EL is clearly not targeted to the proteasome. It seems possible that an initial phosphorylation event on S69 is required for the phosphorylation on S59 to occur. Previous data in mammalian cell culture support this model, as an S69A mutation (but not an S59A mutation) has been shown to abrogate any ERK-mediated Bim-EL phosphorylation. 45 These and other alternative possibilities will need to be rigorously assessed in future studies.
The fact that Beclin-1 is part of the complex sequestering Bim-EL from the mitochondria raises other interesting questions about the fate of ECM-detached IBC cells. Given that the interaction of Beclin-1 with LC8 and Bim-EL has been shown to prevent Beclin-1 from initiating autophagosome formation, 38 it seems reasonable to speculate that ECMdetached IBC cells are defective in autophagy in addition to anoikis. This presents a unique problem for these cells, as autophagy has previously been shown to be critical for the survival of ECM-detached cells, 46, 47 presumably to facilitate nutrient consumption. Perhaps this defect could be overcome through changes in glucose or fatty acid metabolism that have previously been reported in ECM-detached cells. 24, 48 Thus it will be especially important to examine metabolic changes in IBC cells to understand how these cells deal with metabolic needs during ECM detachment. Nonetheless, the data presented here provide significant and novel insight into the molecular mechanisms utilized by IBC cells to survive in the absence of ECM attachment. We believe our data pave the way for future studies utilizing these findings aimed at the elimination of IBC cells through the modulation of Bim-EL localization.
Materials and Methods
Cell culture. MCF-10A cells were grown in DMEM/F12 media (Life Technologies, Grand Island, NY, USA) with 5% horse serum (Life Technologies) and supplemented with 10 μg/ml insulin, 0.5 mg/ml hydrocortisone, 100ng/ml cholera toxin, 20 ng/ml epidermal growth factor (EGF), and 1% penicillin/ streptomycin (Life Technologies). KPL-4, MDA-MB-231, MDA-MB-453, and MDA-MB-361 cells were grown in DMEM (Life Technologies) with 10% fetal bovine serum with 1% penicillin/streptomycin. SUM149 cells were cultured in F12 media (Life Technologies) with 5% fetal bovine serum and 1% penicillin/streptomycin. SK-BR-3 cells were grown in McCoy's media (Life Technologies) with 10% fetal bovine serum and 1% penicillin/streptomycin. BT549 cells were grown in RPMI media (Life Technologies) with 10% fetal bovine serum and 1% penicillin/streptomycin.
Reagents. The following reagents were used at the doses indicated in the figure legends: U0126 (Millipore, Billerica, MA, USA), z-VAD-fmk (Millipore), PD0325901 (Sigma-Aldrich, St. Louis, MO, USA), LY294002 (Millipore), and iodonitrotetrazolium violet-farmazan (INT-violet) (Sigma-Aldrich).
Caspase assays. Caspase activation was measured using the Caspase-Glo 3/7 Assay Kit (Promega, Madison, WI, USA). Cells were plated at 13 000 cells per well in white-bottom 96-well plates coated with 6 mg/ml poly-HEMA. Caspase activation was measured after the time indicated in the figure legend according to the kit protocol. Relative caspase activity was determined by dividing the raw value for caspase activation by the raw value for the control. Error bars represent S.E.M., and P-values were calculated using a two-tailed t-test. Figures show representative data from at least three individual replicates.
Cell viability assays. Cell viability was measured using the alamarBlue assays (Life Technologies) or Cell Titer Glo assays (Promega). Cells were plated at 13 000 cells per well in white-bottom 96-well plates with or without 6 mg/ml poly-HEMA coating. Cell viability was measured at the indicated time after plating according to the manufacturer's instructions. Error bars represent S.E.M., and P-values were calculated using a Student's two-tailed t-test. Figures show representative data from three replicates.
Soft agar assays. Cells (number indicated in figure legends) were added to 1.5 ml of growth media plus 0.4% low-melt agarose (Sigma-Aldrich) and layered onto a 2-ml bed of growth media plus 0.5% low-melt agarose. Media was changed every other day and imaged after the indicated times. Colonies were stained with INT-violet and quantified using ImageJ (National of Institutes of Health, Bethesda, MD, USA). The figures show representative experiments from at least three independent replicates. Error bars represent S.E.M., and P-values were calculated using a two-tailed t-test.
Immunoblotting. Cell lysates were prepared in 1% NP-40 with 1 μg/ml aprotinin, 5 μg/ml leupeptin, 20 μg/ml phenylmethylsulfonyl fluoride (PMSF), and HALT Protease and Phosphatase Inhibitor Cocktail (Pierce Biotechnology, Rockford, IL, USA) and cleared by centrifugation. Lysates were normalized using a BCA assay (Pierce Biotechnology). The following antibodies were used for immunoblotting: Immunofluorescence. Cells were plated in attached or detached conditions. Where indicated, MitoTracker Red CMXROS (Life Technologies) (200 nM) was used to stain mitochondria before collecting cells. Cells were deposited on slides with a Shandon Cytospin3 (Thermo Scientific, Waltham, MA, USA) at 800 r.p.m. for 5 min. Cells were fixed in 4% paraformaldehyde for 20 min at room temperature and permeabilized in 0.5% Triton-X in PBS for 10 min at 4°C. Cells were washed with 100 mM glycine in PBS three times. Slides were blocked in IF buffer (130 mM NaCl, 7 mM Na 2 HPO 4 , 3.5 mM NaH 2 PO 4 , 7.7 mM NaH 3 , 0.1% bovine serum albumin, 1.2% Triton X-100, 0.05% Tween-20) and 10% goat serum (Life Technologies). Slides were stained with a Bim-EL (Cell Signaling) antibody diluted 1 : 150 in IF Figure 7 Model for anoikis evasion in IBC cells buffer with 10% goat serum and an Alexa Fluor 488 secondary antibody diluted 1 : 200 in IF buffer with 10% goat serum. Nuclei were stained with 5 μg/ml 4 0 ,6-diamidino-2-phenylindole (DAPI) and dihydrochloride (Life Technologies). Slides were mounted with ProLong Gold Antifade Reagent (Life Technologies). Imaging was completed using an Applied Precision DeltaVision OMX fluorescent microscope (Applied Precision, GE Healthcare, Issaquah, WA, USA). Colocalization measurements were determined using Applied Precision softWoRx software. Error bars represent S.E.M., and P-values were calculated using a two-tailed t-test. Images show representative images from three individual experiments. For the colocalization calculations, n = 10-30.
shRNA lentiviral transduction. MISSION shRNA against ErbB2 (NM_004448; Clone number: TRCN0000010342), EGFR (NM_005228; Clone number: TRCN0000039634), and Bim (NM_138621; Clone number: TRCN 0000355975) in the puromyocin-resistant pLKO.1 vector were purchased from Sigma-Aldrich along with a control empty vector pLKO.1 vector. HEK293T cells were transfected with 0.5 μg of pLKO.1 vector along with packaging vectors pCMV-D8.9 (0.5 μg) and pCMV-VSV-G (60ng) with PLUS reagent and Lipofectamine 2000 (Life Technologies). Virus was collected at 24 and 48 h posttransfection, filtered, and used for transduction of KPL-4 and SUM149 cells in the presence of 8 μg/ml polybrene. Transduced cells were selected with 2 μg/ml puromycin for 2 weeks. Knockdown efficiency was measured by immunoblotting.
Immunoprecipitation. Cells were plated on poly-HEMA-coated plates for 3 h with DMSO or 10 μM U0126. Cells were lysed in IP lysis buffer (1% Triton X-100, 50 mM NaCl, 1 mM EDTA, 20 mM HEPES, 1 μg/ml aprotinin, 5 μg/ml leupeptin, 20 μg/ PMSF, and HALT Protease and Phosphatase Inhibitor Cocktail (Pierce Biotechnology)) and cleared by centrifugation. Lysates were normalized with a BCA assay (Pierce Biotechnology) and precleared with Protein A Sepharose Fast Flow beads (GE Healthcare). One microgram of Beclin-1 antibody (Cell Signaling) or Bim antibody (Cell Signaling) was added to lysates and incubated overnight. Protein A Sepharose Fast Flow beads were used to capture the antibody, and the beads were washed with IP lysis buffer. Proteins were eluted from beads and subjected to immunoblotting. Figures show representative blots from at least three individual replicates. Mock immunoprecipitations were used as controls and were completed according to the protocol above without antibody addition.
Transient transfections. pcDNA3 empty vector (pcDNA), pcDNA3-wild type Bim-EL (WT Bim), and pcDNA3-Bim-EL S55A (Bim S55A) constructs were a kind gift from Hisashi Harada. The constructs encode for mouse Bim-EL, and the serine sites correspond with the analogous human serine sites (mouse serine 55 is equivalent to human serine 59, etc.). Cells were transfected with 10 μg of DNA (pcDNA3, WT Bim, and Bim S59A) using Lipofectamine LTX and PLUS reagent (Life Technologies) according to the manufacturer's manual. Four hours (KPL-4 cells) or 12 h (SUM149 cells) after transfection, cells were lysed in IP buffer (1% Triton X-100, 150 mM NaCl, 1 mM EDTA, 20 mM HEPES, 1 μg/ml aprotinin, 5 μg/ml leupeptin, 20 μg/ml PMSF, and HALT Protease and Phosphatase Inhibitor Cocktail (Pierce Biotechnology)) and cleared by centrifugation. Lysates were normalized with a BCA assay (Pierce Biotechnology) and precleared with Protein G Sepharose Fast Flow beads (GE Healthcare). HA-tag (6E2) antibody (0.6 μg; Cell Signaling) was added to each lysate and incubated overnight. Protein G Sepharose Fast Flow beads were used to capture the antibody, and the beads were washed with IP buffer. Proteins were eluted from beads and subjected to immunoblotting. Figures show representative data from at least three individual experiments.
Immunohistochemistry. Tissue sections were embedded in paraffin and sectioned at~4 microns for immunohistochemical staining. The slides were treated with citrate buffer for epitope retrieval, avidin, biotin, and Peroxo-Block blocking solutions (Zymed Laboratories, Life Technologies), and normal serum prior to addition of the primary antibody. Endogenous levels of total Bim protein were identified utilizing Bim (C34C5) Rabbit mAb (Cell Signaling) as the primary antibody, followed by biotin-conjugated goat anti-rabbit IgG (DAKO, Glostrup, Denmark) as the secondary antibody. Streptavidin-conjugated horseradish peroxidase (BioGenex, Freemont, CA, USA) was then added, and Bim activity was identified with 3,3-diaminobenzidine as the substrate (Biomeda, Foster City, CA, USA).
